Chimeric enzymes were constructed to elucidate the differences in physicochemical properties of two related bacterial RNases, barnase and binase. Chimeras (Ba26Bi, Ba73Bi, Ba26Bi73Ba and Bi73Ba) contain six to thirteen residue substitutions relative to barnase, which are beyond the active site. The catalytic activity of RNases toward GpU, GpC and poly(I), as well as conformational distinctions and heat denaturation parameters, were studied. Thermal denaturation of binase, barnase and chimeric RNases is a two-state transition. The mutation-induced changes in the free energy of unfolding of barnase deduced from thermal and urea denaturation nearly coincide. The kinetic parameters for GpU and GpC demonstrate that the chimeras fall into two groups: barnase-like and binase-like. This division is determined by the origin of their C-terminal part (residues 73-110) which is also responsible for their thermostability at pH 2.4. An inverse linear dependence was found between k cat for poly(I) and denaturation temperature of RNases at pH 5.5, which points out that certain lability of the protein molecule appears to be necessary for efficient polynucleotide cleavage.
acid residues follows the barnase sequence, second name refers to binase.
The spatial structures of barnase and binase as well as the structures of barnase complexed with 3Ј-GMP, d(GpC), d(CGAC) and binase complexed with 3Ј-GMP have been determined by high-resolution X-ray analysis (Mauguen et al., 1982; Pavlovsky et al., 1989; Baudet and Janin, 1991; Guillet et al., 1993; Buckle and Fersht, 1994) . The proteins are very similar in secondary and tertiary structures and nearly identical in backbones: r.m.s. deviation between C α coordinates is 0.3 Å (Sevcik et al., 1990; Makarov et al., 1993) . The following model for RNase interaction with substrates of the type Gp 1 Xp 2 Y, where X and Y are nucleotides, p is phosphate, and G is guanosine, was envisaged based upon the structure of barnase and binase complexes with nucleotides and simulated barnase-5Ј-3Ј-(AAGAAp)-O-methyl ester complex (GordonBeresford et al., 1996) . Guanosine occupies the primary specificity site (loop 58-62). Reactive phosphate is bonded in the active site which includes His102 and Glu73 (general acidic and basic groups during catalysis), and also Arg83, Arg87, Lys27 and Tyr103. The X base stacks with His102, and atom N7 (in the case of purine nucleotide) is H-bonded to the side chain of Ser85. The second phosphate is H-bonded with main chain nitrogen of Arg83 and the Trp35 side chain. The Y base stacks with the Phe82 ring. The kinetic data for cleavage of oligonucleotides of different length agree well with this concept of RNase/substrate complex (Day et al., 1992) . Serrano et al. (1993) mutated each one of the 17 residues that differ between the two proteins and determined the changes in stability against urea denaturation. Changes in the free energy of unfolding per mutation ranged from ϩ1.1 to -1.1 kcal/mol, and were additive.
Despite high homology, barnase and binase have substantially different stabilities (Makarov et al., 1993; Serrano et al., 1993) , catalytic activity (Serrano et al., 1993; Yakovlev et al., 1994) , and thermodynamic parameters of heat denaturation in complex with a native inhibitor, barstar (Yakovlev et al., 1995) . Here we tried to determine which segments in barnase and binase are responsible for their difference in catalytic efficacy and stability. To this end, we constructed chimeric RNases composed of different parts of barnase (Ba) and binase (Bi) molecules: Ba26Bi, Ba73Bi, Ba26Bi73Ba and Bi73Ba ( Figure  2 ). The designations of mutants reflect the positions of junction sites between the barnase and binase sequences. To obtain a mutant the following substitutions should be introduced into barnase: Ba73Bi ϭ Ba (T79V, S85A, I88L, L89V, Q104A and K108R); Ba26Bi ϭ Ba (E29Q, Q31S, D44E, I55V, K62R,  G65S, K66A, T79V, S85A, I88L, L89V, Q104A and K108R);  Ba26Bi73Ba ϭ Ba (E29Q, Q31S, D44E, I55V, K62R, G65S  and K66A) and Bi73Ba ϭ Ba (∆Q2, Q15I, T16R, H18K,  K19R, E29Q, Q31S, D44E, I55V, K62R, G65S and K66A) . The catalytic activity of barnase, binase, and chimeric RNases toward GpU, GpC and poly(I), as well as conformational distinctions and changes in the heat denaturation parameters of the mutants and binase relative to barnase were studied. 
Materials and methods

Bacterial strains and media
Routine cloning was performed using the Escherichia coli strain XL1-Blue (Stratagene): recA1, endA1, gyrA96, hsdR17, supE44, relA1, lac, (FЈproAB, lacI Q Z∆M15, Tn10(tet R ) . E.coli strain BL21(DE3)[pLysS] (Novagene): F, ompT, hsdS B (r B -, m B -), gal, dcm (DE3), pLysS, was used as a host strain for the expression vectors. E.coli strain CJ236 (Bio-Rad) : dut, ung, thi, relA, pCJ105(Cm r ) , was used for preparation of uracil-containing single-stranded DNA template. Standard YT or TB media (Sambrook et al., 1989) used for growing these strains were prepared from Difco reagents. Vectors Recombinant pMT416 (Hartley, 1988) was kindly provided by R.W. Hartley (NIH, Bethesda, MD) . pGEMEX1 was obtained from Promega. (Zabinski and Walz, 1976) . c (Day et al., 1992) . d (Mossakowska et al., 1989) . e (Chamberlin and Patterson, 1965) . f (Yakovlev et al., 1987) .
Reagents and chromatography resins
Restriction and DNA-modifying enzymes were from New England Biolabs and Promega, T4 DNA ligase from Amersham. The kit for DNA sequencing by dideoxy chain termination method adapted for use with T7 DNA polymerase was purchased from Fermentas, Lithuania. The nucleotide sequences of RNase genes were determined in both directions. All chemicals were analytic grade or higher. Protein molecular mass markers were purchased from Bio-Rad; Mono S HR 10/ 10 from Pharmacia; P11 cellulose phosphate from Whatman; dialysis membranes (cutoff 3500) from Spectrum.
Production of RNases in E.coli
The vector for expressing RNase genes was assembled from elements of pGEMEX1 (Promega) and pMT416. The last plasmid was cut with EcoRI, end-filled with Klenow fragment, and cut with HindIII. The 1083-bp fragment containing barnase and barstar genes was purified. The pGEMEX1 (3995 bp) plasmid was digested with HindIII and AatII, and the 1002-bp fragment containing f1 ori was isolated. In parallel, pGE-MEX1 was initially cleaved with NdeI and end-filled with Klenow fragment, the linearized plasmid was then treated with AatII and a larger DNA fragment of 2347 bp was purified. The isolated restriction fragments were mixed and ligated using T4 DNA ligase. The ligation mixture was used to transform competent E.coli XL1-Blue. In the resultant vector, transcription of an RNase gene in operon with the inhibitor barstar is directed by a T7 RNA polymerase promoter and a synthetic tac promoter. The RNase is directed outside the cell by the signal peptide of alkaline phosphatase PhoA, while barstar suppresses the RNase activity inside the cell.
Hybrid genes construction
Genes for mutants Ba26Bi and Ba73Bi were constructed by the 'homolog recombination' method described earlier (Schulga et al., 1994; Levichkin et al., 1995) . Genes for Ba26Bi73Ba and Bi73Ba mutants were obtained as follows.
An EcoRV site was created in the barnase gene at the position corresponding to that in the binase gene by oligonucleotidedirected mutagenesis according to Kunkel, with 5Ј-GTAT-AGTTGATATCCGC-3Ј. To exclude adventitious mutations, the DNA was sequenced inside the RNase coding region. The Bi73Ba gene was assembled by recombination of the corresponding parts of barnase and binase genes through the 777 EcoRV site. The Ba26Bi73Ba gene was obtained analogously with barnase and Ba26Bi mutant genes.
Ribonuclear purification
Unless otherwise stated, all the following operations were performed at 4°C. Glacial acetic acid was added to the bacterial culture at 50 ml/l. The suspension was stirred for 30 min, and the cells were removed at 4000 g for 30 min. Phosphocellulose P11 equilibrated with 20 mM Na acetate buffer, pH 4.5 (50 ml dead volume) was added to the supernatant and the suspension was stirred for 4 h. Phosphocellulose was transferred into a column (2.5ϫ15 cm) and washed with the same buffer. RNase was eluted stepwise with 2 M NH 4 acetate buffer, pH 8.0 and dialyzed against 20 mM Na acetate buffer, pH 5.0. The protein solution after dialysis was centrifuged for 15 min at 10 000 g and clarified with a 0.22-µm membrane filter. Further purification was performed with the Pharmacia FPLC system. RNase was applied on a MonoS (HR 10/10) column equilibrated with 20 mM Na acetate buffer, pH 5.0, and eluted with a linear gradient of 0-0.25 M NaCl. The protein fraction with the native N-terminal RNase sequence was collected, dialyzed against water, and lyophilized. Protein purity was verified by electrophoresis under denaturing conditions after Laemmli (1970) .
Kinetic measurements
The K m and k cat for GpU, GpC, poly(I) and poly(A) transesterification (25°C, reaction volume 400 µl) were determined from the increase in absorbance at the indicated wavelengths (Table I ) using a Hitachi U-320C instrument. The reaction buffers were 1200 mM Na acetate, pH 5.8 for GpU and GpC, 100 mM Na imidazole, pH 6.2 for poly(I) and poly(A). Table  I lists the extinction coefficients used to determine substrate concentrations, and the difference extinction coefficients ∆ε for determining the initial reaction rates. Substrate concentrations ranged from 5 ϫ 10 -5 to 1 ϫ 10 -3 M, enzyme concentrations from 1 ϫ 10 -9 to 5 ϫ 10 -7 M. Initial rates were measured for 10 different concentrations of a substrate. The kinetic parameters were calculated using the Sigmaplot program. The relatively small specificity constant obtained (10 3 -10 7 vs. 10 9 in the case of diffusion limited reactions) and the absence of marked interdependent of k cat and K m for mutant RNases assume that Michaelis-Menten kinetics is observed, in which case K m equals K s -the true dissociation constant.
Scanning microcalorimetry
Scanning microcalorometric measurements were carried out on a DASM-4 differential scanning microcalorimeter (NPO Biopribor, Pushchino, Russia) in 0.48-ml cells at a heating rate of 1 K/min. An extra pressure of 1.5 atm was maintained during all DSC runs to prevent possible degassing of the solutions on heating. Protein solutions were prepared in 10 mM Na acetate buffer at pH 5.5 and 10 mM glycine buffer at pH 2.4. protein concentration varied from 0.4 to 0.8 mg/ml. The heating curves were corrected for an instrumental baseline obtained by heating the solvent used for protein solution. The reversibility of the unfolding was checked routinely by sample reheating after cooling in the calorimetric cell. The partial molar heat capacity of the protein (C p ) was determined as described elsewhere (Privalov and Potekhin, 1986) , with the partial specific volume of 0.73 cm 3 g -1 calculated according to Makhatadze et al. (1990) . Denaturation temperature (T d ), calorimetric denaturation enthalpy (∆H cal ), and effective or van't Hoff denaturation enthalpy (∆H eff ) were determined as described in Privalov and Potekhin (1986) . The accuracy of the calorimetric and effective enthalpies was Ϯ6%, that of T d within Ϯ0.2°C. Circular dichroism CD spectra were recorded on a Jasco J-715 spectropolarimeter equipped with thermostated water-jacketed cells (Hellma Cells) Coordinates were taken from Buckle and Fersht (1994 (Takakuwa et al., 1985) . Noise in the data was smoothed using the Jasco J-715 software, including the fast Fourier-transform noise reduction routine which allows enhancement of most noisy spectra without distorting their peak shapes.
Determination of protein concentrations
The RNase concentrations were determined with a Jasco V-550 spectrophotometer, assuming a molar extinction of 27411 M -1 c -1 at 280 nm for all RNases. This value had been determined for barnase (Loewenthal et al., 1991) ; for binase it has been taken equal a priori (Serrano et al., 1993) , based on the identical compositions and positions of aromatic amino acids and the similarity of spatial structures. We recorded the absorption spectra of barnase and binase under identical conditions (Figure 3 ). The spectra of these proteins (curves 1) are nearly coincident. The possible difference between the local environments of the aromatic groups in barnase and binase can influence the extinction coefficient at 280 nm even though the absorption spectra are alike. The first and second derivative absorption spectra are very sensitive to the state of protein chromophores, and inspection of derivative spectra can help much in characterizing chromophore heterogeneity (Cortell, 1982) . Both first and second derivative spectra ( Figure  3 ; curves 2 and 3, respectively) for barnase and binase are fairly close; for all extrema the match is very good. Hence the extinction coefficients for the RNases in question are indeed the same.
Results and discussion
Thermal denaturation
The temperature dependence of the partial molar heat capacity at pH 5.5 and 2.4 for barnase, binase, and their mutants are shown in Figure 4A and 4B, respectively. The thermal unfolding of RNases is almost fully reversible. The decrease 779 in pH shifts the heat absorption peaks to lower temperatures. The partial specific heat capacities of RNases at 25°C and pH 5.5 are 0.33 Ϯ 0.05 cal/K g, the value typical of compact globular proteins at this temperature (Privalov, 1979) . The denaturation transition temperatures and calorimetric enthalpies at pH 5.5 and 2.4 are listed in Table II , together with the effective enthalpies of denaturation determined from the sharpness of the heat absorption peak by assuming that the temperature-induced process represents a two-state transition (Privalov, 1979) . For all the proteins examined, lowering the pH to 2.4 causes T d , ∆H cal and ∆H eff to decrease. The ratio R ϭ ∆H cal /∆H eff , the criterion of heat denaturation cooperativity (Privalov, 1979) , is near unity for all the RNases (Table II) , which is in line with the earlier calorimetric studies of barnase (Makarov et al., 1993; Griko et al., 1994; Matouschek et al., 1994) . Therefore, the molecule of barnase, binase, and chimeric RNases is a unit cooperative system, and its thermal denaturation is a two-state transition. The denaturation temperature for binase is higher than for barnase, by 2.0°C at pH 5.5 and 3.9°C at pH 2.4. The difference in stability correlates with the values of water-accessible surface area for binase and barnase (5864 and 6069 Å 2 , respectively), calculated by the algorithm of Lee and Richards (1971) . Note that the differences between the denaturation temperatures of barnase and mutants are greater at pH 2.4 ( Figure 4 , Table II) . At this pH, mutant Ba73Bi with the binase C-terminal sequence has a denaturation temperature 3.2°C higher than that of barnase, and resembles binase in stability. In contrast, for mutants Bi73Ba and Ba26Bi73Ba, whose Cterminal parts originate from barnase, the T d values at pH 2.4 are very close to that of barnase, i.e. these mutants are similar to barnase in terms of thermostability. Consequently, we may suggest that the C-terminal part of a mutant molecule determines its thermostability at pH 2.4 relative to the original RNases. However, mutant Ba26Bi with the binase C-terminal part is an exception: its T d is closer to that of barnase. From pH 5.5 to 2.4, the relative decline in T d is 40-41% for binase and mutants with binase C-terminal part and 45-47% for barnase and mutants with barnase C-terminal part. Hence the structure of the C-terminal part of barnase is more strongly affected by protein ionization.
Some mutant RNases are more stable and others are less stable than barnase (Table II) . We analyzed all substitutions in the mutants and binase relative to barnase in terms of their contributions to the macromolecule stability, invoking the data of Serrano et al. (1993) . In that work, each of the 17 residues distinguishing barnase from binase was independently substituted, and the effect of each substitution on stability was determined as the difference between the free energies of unfolding of the wild-type and the mutant protein, ∆∆G U- (urea) , deduced from urea denaturation at 25°C. Estimates were also obtained for mutants with three and six substitutions, and binase. No cooperative effect was observed: the changes in stability caused by three, six, and seventeen simultaneous substitutions were equal to the sum of effects of individual substitutions. Our mutants contain six to thirteen residue substitutions relative to barnase. Assuming the additive action of these substitutions, we summed up their ∆∆G U-F(urea) values (Serrano et al., 1993) and found Σ∆∆G U-F(urea) for each mutant and binase. These calculated values were compared with the values deduced from our calorimetric measurements: (Matouschek et al., 1994) , where ∆∆G U-F (T d ) is the difference in the free energies of unfolding of wild-type and mutant protein at T d , ∆T d is the difference in denaturation temperatures of wild-type and mutant protein, and ∆S U-F (T d ) is the entropy of unfolding of the wild-type protein, equal to ∆H cal /T d . The calorimetric values were taken at pH 5.5, closer to that used in Serrano et al. (1993) . In Figure 5 , calorimetrically determined values of ∆∆G U-F (T d ) of barnase and mutants, and barnase and binase are plotted against the Σ∆∆G U-F(urea) calculated from urea denaturation. Mutant Ba26Bi set aside, the data fit a linear regression line of ∆∆G U- -F(urea) ] kcal/ mol, with a correlation coefficient of 0.96. Matouschek et al. (1994) also observed a good agreement between the mutationinduced changes in free energy of barnase unfolding found by DSC and urea denaturation, but for single substitutions.
The clear distinction of mutant Ba26Bi from the other RNases ( Figure 5 ) suggests that the additivity of individual mutations is lost. This mutant includes the substitutions introduced into the mutants Ba26Bi73Ba and Ba73Bi, which follow the additive effect of mutations on stability. The abnormal behavior of this mutant perhaps results from the cooperative effect of the two sets of substitutions it contains.
Conformational distinction
Barnase and binase are known to contain many aromatic amino acids (three Trp, seven Tyr, four Phe), which considerably contribute to the CD in the peptide region (Grishina et al., 1989; Vuilleumier et al., 1993) . The local environment of aromatic chromophores in these RNases is identical (see above, 780 Figure 3 ), which admits comparison of the CD of these proteins in the peptide region. The CD spectra at pH 5.5 are presented in Figure 6 . Between 200 and 250 nm, they are virtually a superposition except for mutant Ba26Bi. At 194 nm all proteins are different except for binase and mutant Ba73Bi. As the pH is lowered to 2.4, the CD at 200-250 nm retains its shape and value unchanged. In contrast, the CD at 194 nm is reduced by 42, 26, 33, 42, 64 and 69% for barnase, binase, and mutants Bi73Ba, Ba73Bi, Ba26Bi and Ba26Bi73Ba, respectively, as pH is lowered from 5.5 to 2.4. For binase, the CD peak at 194 nm is larger than for barnase; the difference is greater at pH 2.4 than at pH 5.5, in accord with the denaturation temperatures. The CD at 194 nm is known to depend on the content of α-helical regions in the protein. The greatest CD at 194 nm for mutant Ba26Bi correlates with its greatest CD at 222 nm (Figure 6, curve 3) , the known measure of the content and state of α-helices in the protein globule (Chen et al., 1972; Manning et al., 1988; Protasevich et al., 1997) . Thus, acidification from pH 5.5 to 2.4 decreases the α-helicity, drastically lowers the denaturation temperature (22-25°C) (Table II) , and appreciably attenuates the sedimentation coefficient, i.e. makes the protein globules less compact and rigid (Makarov et al., 1993) .
The tertiary structure was assessed by near-UV CD. The spectra of RNases at 250-310 nm are virtually identical and pH-independent. This indicates that in all these proteins the local environment of aromatic groups is identical and is not affected by pH. In barnase, aromatic amino acid residues are mainly located in the first α-helix and β-structure but are absent from the second and third α-helices (Fersht, 1993) . Therefore, the differences in the 194 nm CD amplitude at pH 5.5 for barnase, binase, and the mutants and its 26-69% drop at the pH change from 5.5 to 2.4 are related mostly to alterations of the second and third α-helices. Geometrical distortions of the α-helical structure may likewise influence the CD value (Manning et al., 1988) .
To collate the thermodynamic and structural data, we took the melting curves for barnase as the CD vs. temperature in the far-(194 nm) and near-UV (280 nm) at pH 5.5 and 2.4 (Figure 7) . The resulting denaturation temperatures and effective enthalpies of denaturation for barnase coincide with the calorimetric values. The steep decrease in CD at 194 nm with rising temperature is due to cooperative melting of secondary structure, and the decrease in CD at 280 nm indicates loss of tertiary structure. The congruence of the 194 and 280 nm melting curves testifies that the alterations in secondary and tertiary structures are concurrent.
Enzymatic activity towards GpU, GpC and poly(I)
Bacillary extracellular RNases cleave polyribonucleotide chains by a two-step mechanisms: transesterification yielding nucleoside 2Ј,3Ј-cyclophosphates, and subsequent hydrolysis of the latter to corresponding 3Ј-phosphates. The RNases under study are guanyl-specific on low-molecular substrates such as 2Ј,3Ј-cyclophosphates and dinucleoside monophosphates. With longer substrates this specificity is less pronounced, and the enzymes are said to be guanyl-preferring. Substrate extension considerably enhances the catalytic efficiency owing to substrate binding at additional sites (Day et al., 1992) .
The kinetic parameters for GpU and GpC transesterification by barnase, binase, and chimeric RNases are listed in Table  III . Values of k cat and K m for barnase coincide with the literature data, but for recombinant binase they differ from those reported for the natural B.intermedius enzyme (Karpeisky et al., 1981) . The dissimilar behavior of binase and barnase on low-molecular substrates is mainly due to the 10-fold difference in k cat while the K m are much the same. The mutants, although comprising segments of both RNases resemble either of the 'parents' and thus split into two groups: barnaselike (Ba26Bi73Ba and Bi73Ba) and binase-like (Ba73Bi and Ba26Bi). Note that this division is determined by the origin of the C-terminal part. The differences in studied RNases do not include catalytically essential amino acids, and yet the turnover number for low-molecular substrates changes by more than an order of magnitude. Hence we must be dealing with an influence of the active site surroundings on catalysis.
The mutant Ba73Bi is most essential for understanding the nature of the difference in activity between binase and barnase. Having the least number of substitutions (T79V, S85A, I88L, L89V, Q104A and K108R), this mutant is similar to binase with both dinucleotide substrates. Substitutions T79V, I88L and L89V were unlikely to affect the catalytic properties of the enzyme because they are quite remote from the active site. The same is true for the substitution K108R. This mutation presents in the barnase multiple mutant (Q15I, T16R, K19R, G65S, K66A and K108R), the catalytic properties of which were studied by Serrano et al. (1993) , and it was shown that there is no difference between barnase and the multiple mutant towards GpUp. The catalytic difference between barnase and binase can most plausibly be assigned to substitutions S85A and Q104A. In the structure of barnase complexed with d(CGAC), the Ser85 side chain interacts with the Asp101 main chain nitrogen, and the Gln104 side chain interacts with the His102 side chain through a water molecule (Figure 8 ) (Buckle and Fersht, 1994) . Owing to these interactions, the position of His102 in barnase is more rigid than in binase. This difference in the mobility of His102 may be the cause of the difference in k cat between barnase (and mutants with the C-terminal part of barnase) and binase (and mutants with the C-terminal part of binase) for GpU and GpC. The His102 mobility is not so essential for the cleavage of polyribonucleotide substrates, because in this case the position of His102 is stabilized by its interaction with the X base of substrate.
With poly(A) as substrate (data not shown) our estimates for barnase coincide with the literature data, and are almost the same as for other RNases. At the same time, on poly(I) barnase is an order of magnitude more active than binase while the Michaelis constants are much the same (Table  III) . The mutants exhibit intermediate activity, not exceeding barnase but in all cases much higher than that of binase. Compared with dinucleotide monophosphates the value of k cat for poly(I) is increased by a factor of 3000 for barnase and 30 for binase, whereas K m does not change significantly. It implies that the substrate lengthening manifests primarily in lowering the binding energy of the transition state. It was shown (Day et al., 1992) that lengthening the substrate from GpUp to GpUpC increases K m by a factor of two. This enlargement of Michaelis constant was interpreted as a deformation of the enzyme to align it with substrate (induced fit). Hence, the role of conformational flexibility of the protein molecule, which is obviously related with the denaturation temperature, may be essential for catalytic activity towards polynucleotides. Comparison of k cat for poly(I) with the corresponding denaturation temperatures of RNases at pH 5.5 demonstrates the existence of an inverse linear dependence between enzymatic activity and thermal stability (Figure 9 ). The point for Ba26Bi is not presented, since it dramatically deviates from the common arrangement of other points. The correlation coefficient of this set of experimental points is -0.98, and -0.92 for the set with omitted datapoint at 56.3°C (data for binase). The data can thereby be regarded as a linear function of k cat vs. T d . In linear regression (Brandt, 1970) where α varies between -1 and ϩ1. The optimal regression parameter values correspond to α ϭ 0, and they stay unchanged when the 56.3°C point is omitted. This fact is reflected in Figure 9 , where dashed lines denote envelopes of the acceptable linear functions family and the solid one corresponds to the optimal function. Mutant Ba26Bi deviates from the pattern of Figure 9 : being the least stable, it is three times less active than barnase. The additivity of individual mutations for Ba26Bi is also lost. This mutant deviates from other RNases in the much higher content of α-helices ( Figure 6 ). Probably, the substitution-induced rise in α-helicity brings about such a cooperative redistribution of intramolecular interactions that impairs the protein thermostability.
The data presented here point out that certain lability of the protein molecule appears to be necessary for efficient catalysis. Note that the correlation between activity and thermostability of RNases was found only when changes in stability upon mutations were additive and protein conformation followed by CD did not change. Conformational flexibility of enzymes is required to recognize a ligand and to orient functional groups so as to enhance the efficiency of the subsequent chemical process (Kraut, 1988) . It has been demonstrated that the enzyme active site may be conformationally more flexible than other parts of the enzyme molecule (Tsou, 1993) . On the other hand, proteins fold to minimize their free energy. Then structural stability in the active site region of the enzymes might be sacrificed to some extent in favor of catalytic efficiency. The hypothesis that there is a delicate balance between stability and function was stated as follows: protein residues that contribute to catalysis of ligand binding are not optimal for protein stability (Shoichet et al., 1995) . This hypothesis predicts that replacement of functionally important residues, reducing enzyme activity, will increase the protein stability. The inverse correlation between stability and activity was observed for mutations of some residues in the active sites of T4 lysozyme and barnase (Meiering et al., 1992; Shoichet et al., 1995) . The same was noted for mutations of barnase-binding site residues in barstar, the intracellular inhibitor of barnase (Schreiber et al., 1994) . Significant improvement in the activity of thermophilic tyrosol-tRNA synthetase was achieved at the expense of stability by constructing chimeric proteins with the E.coli enzyme (Guez-Ivanier et al., 1993) .
